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ABSTRACT  
 

Urinary tract infections (UTIs) are among the most common human infections with the distribution of etiological agents and antibiotic resistance patterns varying from 
region to region and from time to time. The aims of this study were to ascertain the prevalence and antibiotic resistance profiles of common Gram-negative 

uropathogens among patients attending a Tertiary Care Hospital in Ekiti State, Nigeria. One hundred and fifty clean-catch midstream urine specimens were obtained 

and cultured within 2 hours of collection for the detection of Gram-negative uropathogens. The isolated organisms were identified by standard microbiological methods. 
Of the total 150 urine specimens analyzed, 82 (54.67%) specimens were positive for Gram-negative uropathogen with significant bacteriuria of which 34 (41.46%) 

were males and 48 (58.54%) were females. Klebsiella spp. 38 (46.34%) and Escherichia coli 32 (39.02%) were the most frequently isolated Gram-negative 
uropathogens, followed by Proteus mirabilis 10 (12.20%) while the least occurring uropathogen was observed to be Pseudomonas aeruginosa 2 (2.44%). All the 

isolated uropathogens were observed to be highly resistant to the commonly prescribed antibiotics. Emerging resistance to carbapenems was also observed. 

Nevertheless, carbapenems showed highest susceptibility compared to other tested antibiotics. Conclusively, high levels of resistance of uropathogens to antibiotics 
exist in our setting. This therefore calls for continuous antibiotic surveillance and improved antibiotic stewardship.   
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INTRODUCTION 

 

Urinary tract infections (UTIs) are among the most common human infections 

both in the community and hospital settings (Dalela et al., 2012). UTI is the 

second most widespread infectious disease after respiratory tract infection in 

most communities (Alsohaili et al., 2015) and it is regarded as a major public 

health problem, owing to increased costs with an estimated 150 million cases per 
annum worldwide (Arjunan et al., 2010). Urinary tract infection affects people 

in varying incidences, depending on age-group and gender (Agbagwa and 

Ifeanacho, 2015). Most times females are at greater risk, owing to the shortness 
of their urethra and its closeness to the anus (Okonko et al., 2009; Dielubanza et 

al., 2011).  

The distribution of the etiological agents of urinary tract infection varies from 
region to region and from time to time. Theodros (2010) reported that most UTIs 

are caused by Gram-negative bacteria, including Escherichia coli, Klebsiella 

spp., Proteus mirabilis, Pseudomonas aeruginosa, Acinetobacter spp., and 
Serratia spp. and Gram-positive bacteria such as Enterococcus spp. and 

Staphylococcus spp. In addition, majority of the research work on UTIs have 
documented that Escherichia coli is the most common cause of UTIs (Shapiro 

and Donald, 2003), however, few authors have reported changing patterns in the 

prevalence of uropathogens (Agbagwa and Ifeanacho, 2015; Ehinmidu, 2003; 

Ekwealor et al., 2016).  

The resistance of uropathogens to commonly used antibiotics has increased 

worldwide (Kahlmeter, 2003; Mazzulli, 2002). The alteration in the resistance 
patterns of the organisms over the last decade has resulted into serious 

therapeutic challenges (Magalit et al., 2004; Gur et al., 2008). Hence, the 

regional variations in the distribution and susceptibility of uropathogens to 
antibiotics necessitate the swift need for adequate knowledge about the antibiotic 

susceptibility patterns of the prevalent uropathogens in our area. This will help in 

selecting the most appropriate empirical antimicrobial therapy and further assists 
in the preclusion of emergence of drug-resistant bacteria strains (Yeshwondm, 

2016; Timothy et al., 2014).  

Hence, the objectives of our study were to determine the prevalence and 
resistance patterns of common Gram-negative uropathogens among patients 

attending a Tertiary Care Hospital in Ekiti State, Nigeria.  

 
MATERIALS AND METHODS 

 

Study Location  

 

This prospective study was conducted at a Tertiary Care Hospital in Ekiti State, 

Nigeria over a period of eight months from March to October 2018. The 

respective demographic information of the patients was retrieved from the record 
book provided by the Hospital.  

 

Sample collection 

 

Urine specimens were collected in accordance to the standardised protocols as 

described by Cheesbrough (2006) and modified by Prakash and Saxena (2013) 
and Ochada et al. (2014). Clean catch midstream urine (MSU) was collected 

from each patient into a 20ml calibrated sterile screw-capped universal container 

which was distributed to the patients. All patients were well instructed on how to 
collect sample aseptically prior to sample collection to avoid contaminations from 

urethra. Samples collected were transported to the laboratory in ice pack and 

cultured within 2 hours of collection for Gram-negative uropathogen isolation. 
 

Culture and Isolation of Organism  

 
The urine specimens (10 µl) were cultured on Cysteine Lactose Deficient agar 

(CLED), MacConkey, and Eosin-Methylene blue (EMB) agar simultaneously, 
using micropipette and incubated in aerobic conditions for 24 hours at 37°C. 

Cultures without any colony at the end of 24hrs of incubation were further 

incubated for 48hrs. Plates with colony count equal to or more than 105Cfu/ml 
were considered significant culture positive (Pooja et al., 2017). The organisms 

were further subcultured on fresh MacConkey agar plate in order to get pure 

culture.  
 

Identification of Isolates 

 
The isolates were identified and confirmed using standard biochemical tests as 

described by Barrow and Feltham (2003) and stored on nutrient agar slants for 

further study. 
 

Antibiotic Susceptibility Assay 

 
The antibiotic susceptibility testing was performed according to CLSI guidelines 

(CLSI document (M100-S21), 2015). The antibiotic discs and their 

concentrations consisted of ceftriaxone (CRO, 30μg), ceftazidime (CAZ, 30μg), 
gentamicin (CN, 10μg), ampicillin (AM, 10μg), norfloxacin (NOR, 10μg), 

tetracycline (TE, 30 μg), ertapenem (ETP, 10 μg) and meropenem (MEM, 10 μg). 

Moreover, prior to antibiotic susceptibility testing, the culture was diluted in 
sterile normal saline (0.9v/v) suspension and thereafter matched with the 0.5 

McFarland standard (Ojo et al., 2013).    
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Ethical Approval  

 

Ethical approval with protocol number (ERC/2017/10/18/84B) was obtained 

before conducting the research. All research protocols were performed in 
accordance to the ethical standards of committees on human experimentation laid 

down in Helsinki declaration of 1964 revised in 2000 (World Medical 

Association Declaration of Helsinki, 2000). 
 

RESULTS 

 
A total of 150 urine specimens recommended for Urine Microscopy, Culture and 

Sensitivity at a Tertiary Care Hospital in Ekiti State, Nigeria were collected and 

analyzed. Eighty-three (55.33%) urine specimens were collected from females 
while 67 (44.67%) urine specimens were collected from males. Urine specimens 

of only 34 (41.46%) males and 48 (58.54%) females showed demonstrable 

bacteruria and they were all positive for Gram-negative uropathogens. Out of the 
82 positive samples, 57 (69.51%) urine specimens were from outpatients while 25 

(30.49%) urine specimens were from inpatients (Table 1).  

 

Table 1 Percentage of Patients’ Demographic Information 

Patient Demographic Characteristics                                                                 Frequency n (%) 

                               Sex  

Positive samples        Male                                                                                       34 (41.46) 
                                    Female                                                                                48 (58.54) 

                                    Total                                                                                    82 (54.67) 
Negative samples      Male                                                                                       33 (48.53) 

                                    Female                                                                                 35 (51.47) 

                                   Total                                                                                    68 (45.33)    
                            

                               Location 

 

Positive samples      Outpatient 57 (69.51) 
                                   Inpatient                                                                              25 (30.49) 

                                  Total                                                                                  82 (54.67) 

Negative samples    Outpatient 40 (58.82) 
                              Inpatients   28 (41.18) 

                                  Total  

 

Total samples collected                                                                                  

68 (45.33) 

 

150 

 

The uropathogens were more isolated from the test subjects between the age 

brackets 11-40 years and >70 years. Males were mostly affected in their late ages 
above 70 while females were mostly affected in their reproductive age group (11-

40 years) (Table 2).  

 

Table 2 Age-group and Frequency of Patient with Significant Bacteruria 
 Agre 

group 
In-patient (%) Out-patient n (%) 

Years                    Male Female Total Male Female Total 

≤10                        1 (100) 0 (0) 1(4) 0 (0) 0 (0) 0 (0) 

11-40                     4 (33.33) 8 (66.67) 12 (48) 2 (8) 23 (92) 25 (43.86) 

41-70                     2 (50) 2 (50) 4 (16) 8 (53.33) 7 (46.67) 15 (26.32) 

> 70                       5 (62.50) 3 (37.50) 8 (32) 15 (88.24) 2 (11.7) 17 (28.82) 

Total                    12 (48) 13 (52) 25 (30.49) 25 (43.86) 32 (56.14) 57 (69.51) 

 

Of the total 150 urine specimens collected, 97 (64.67%) urine specimens were 

from outpatients while 53 (35.33%) were from inpatients. Most of the urine 
specimens were from Obstetrics and Gynecology department 29 (19.33%), 

General Outpatient Department 23 (15.33%), Accident and Emergency 17 
(11.33%), Urology 15 (10%), Female Medical Ward 14 (9.33%) and Surgical 

Outpatient Department 13 (8.67%), (Fig. 1).  

 

 
Keys: O/G= Obstetrics and Gynaecology Department, GOPD= General Out-

patient Department, A/E= Accident and Emergency Department, SOPD= 
Surgical Out-patient Department, ANC=Antenatal Care, FMW= Female 

Surgical Ward, MSW= Male Surgical Ward, ICU= Intensive Care Unit, EPU= 

Emergency Paediatric Unit. 

Figure 1 Total number of samples from each department 

 

The most frequently isolated Gram-negative uropathogens were Klebsiella spp. 38 
(46.34%) and Escherichia coli 32 (39.02%). The least occurring uropathogens 

were Proteus mirabilis 10 (12.20%) and Pseudomonas aeruginosa 2 (2.44%) 

(Fig. 2).  

 
Figure 2 Frequency of the isolated uropathogens 

 
Most of the uropathogens were isolated from Obstetrics and Gynaecology 

Department 18 (21.95%), Surgical Outpatient Department 13 (15.85%), Accident 

and Emergency Department 10 (12.20%) and Female Medical Ward 10 (12.20%) 
(Fig. 3).  

 
Keys: O/G= Obstetrics and Gynaecology Department, GOPD= General Out-

patient Department, A/E= Accident and Emergency Department, SOPD= 
Surgical Out-patient Department, ANC=Antenatal Care, FMW= Female 

Surgical Ward, MSW= Male Surgical Ward, ICU= Intensive Care Unit, EPU= 

Emergency Paediatric Unit. 
Figure 3 Distribution of the isolates across department of the patients 

 

The overall resistance rates of all the bacterial isolates to ampicillin, gentamicin, 
tetracycline, ceftazidime, ceftriaxone, ertapenem, meropenem and norfloxacin 

were observed to be 93.90%, 87.80%, 78.05%, 60.98%, 71.95%, 41.46%, 28.05% 

and 68.29% respectively (Table 3).  
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Table 3 Overall antibiotic susceptibility and resistance of the isolated Gram-negative uropathogens 
    Antibiotics     

 AMP CN TET NOR CFTX CFTZ ERTP MERP 

Sus n (%) 5 (61) 10 (12.20) 18 (21.95) 26 (31.71) 23 (28.05) 32 (39.02) 48 (58.54) 59 (71.95) 

Res n (%) 77 (93.9) 72 (87.80) 64 (78.05) 56 (68.29) 59 (71.95) 50 (60.98) 34 (41.46) 23 (28.05) 

Keys: Sus= Susceptibility, Res= Resistance, AMP= Ampicillin, CN= Gentamicin, TET= Tetracycline, NOR= Norfloxacin, 

CFTX= Ceftriaxone, CEFTZ= Ceftazidime, ERTP= Ertapenem, MERP= Meropenem 
 

High resistance rate to ceftazidime, ceftriaxone, norfloxacin, gentamicin, 

tetracycline and ampicillin were observed in 71.05%, 76.32%, 65.79%, 81.58%, 
76.32% and 94.74% of the Klebsiella spp. isolates respectively. However, low 

resistance rate to meropenem and ertapenem was observed in 34.21% and 47.37% 

respectively. The rates of resistance among all the Gram-negative uropathogens to 

ampicillin, third generation cephalosporins (like ceftazidime and ceftriaxone), 

gentamicin, tetracycline and norfloxacin were observed to be high. The findings 
also revealed that E. coli isolates were more susceptible to meropenem and 

ertapenem than Klebsiella spp. isolates (Table 4).  

 

 

Table 4 Antibiotic resistance of the isolated Gram-negative uropathogens 

  Antibiotics 

Isolated Uropathogens No. AMP CN TET NOR CFTX CFTZ ERTP MERP 

Klebsiella spp. 38 94.74% 81.58% 76.32% 65.79% 76.32% 71.05% 47.37% 34.21% 

E. coli 32 100% 87.50% 100% 87.50% 56.25% 56.25% 12.5% 12.5% 

P. mirabilis 10 80% 80% 70% 50% 80% 50% 80% 50% 

P. aeruginosa 2 100% 100% 50% 100% 100% 50% 50% 50% 

Keys: Klebsiella spp.= Klebsiella species, E. coli= Escherichia coli, P. mirabilis= Proteus mirabilis, P. aeruginosa= 
Pseudomonas aeruginosa, AMP= Ampicillin, CN= Gentamicin, TET= Tetracycline, NOR= Norfloxacin, CFTX= 

Ceftriaxone, CEFTZ= Ceftazidime, ERTP= Ertapenem, MERP= Meropenem 

 
DISCUSSION 

 

The present results showed that Klebsiella spp. and E. coli were the most 
frequently isolated uropathogens. This finding is in agreement with that of 

Agbagwa and Ifeanacho (2015) in Rivers State, Nigeria, where Klebsiella spp. 

and E. coli were the most isolated Gram-negative uropathogens. However, this 
contradicts the reports in other studies, where Pseudomonas aeruginosa 

(Ehinmidu, 2003) and Staphylococcus aureus (Ekwealor et al., 2016) were 

observed as the most common cause of UTIs. The similarities and differences in 
the type and distribution of uropathogens in the current study and other studies 

conducted thus far in different countries may be due to source of the specimens, 

patients involved, various environmental conditions and host factors (Ani and 

Mgbechi, 2008).  

The high prevalence of UTIs (54.67%) recorded in the present study is 

comparable to UTI prevalence rates reported by various authors in India 53.5% 
(Prakash and Saxena,  2013) and Cameroon 59.8% (Nzaline et al., 2016). 

However, the prevalence rate in the present study is higher than those recorded in 

previous studies which account for 4.2% (Bigwan and Elijah, 2013), 17.19% 
(Akram et al., 2007) and 29.3% (Barrow and Feltham, 2003). These disparities 

in the prevalence rates may be due to the differences in methodology used, the 

environment, social habits of the community, the standard of personal hygiene 
and education (Yeshwondm, 2016).   

The high incidence of UTI among female patients compared to male patients in 

the present study could be attributed to the physiological and anatomical 
differences in males and females (Agbagwa and Ifeanacho, 2015). However, the 

reduction of UTI in males may be attributed to the longer distance between the 

anus and urethra meatus and the dry environment in the urethra of males which 
reduces microbial growth (Prakasam et al., 2012; Kibret and Abera, 2014). 

This finding agrees with the report of Agbagwa and Ifeanacho (2015) in Rivers 

State, Nigeria, Swetha et al. (2014) and Okonko et al., (2009), where UTI 
occurrences were higher in females than males. 

The highest rate of infection recorded in female subjects between the age group 

11-40 years among both inpatient and outpatient could be due to the relatively 
higher sexual activity that is observed in the age group and multiple sex partners 

while the high incidence of UTI observed in males above 70 years may be due to 

the presence of a number of risk factors, including prostatic enlargement found in 
males, diabetes mellitus, interventional instrumentations like catheterization and 

weak bladder sphincter that arise due to age advancement (Moore et al., 2002). 
These findings corroborate with the findings from the studies carried out by 

Chedi et al. (2009) in Kano, Nigeria where female patients between 21-30 years 

and males > 60 years had highest frequency rate. However, these findings are in 
contrast with the findings from others studies, where the prevalence of UTI 

increases with increasing age for both sexes (Ani and Mgbechi, 2008; Nicolle, 

2011).  

Urine specimens were more obtained from outpatients 94 (77%) than inpatients 
28 (23%), meaning that most cases were coming in directly from the community. 

This is in agreement with the studies from Nigeria (Iregbu and Nwajiobi-

Princewill, 2013), Botswana (Renuart, 2013) and the United States (Doyle et al., 

2001). The high prevalence of UTI recorded among patients in Obstetrics and 

Gynaecology department in the present study agrees with the findings of Devi 

and Rajkumar (2012), who reported that the risk of UTI is most prevalent among 
patients with gynaecological problems. 

In the present study, majority of the isolates showed resistance to commonly 

employed drugs in the treatment of UTIs. However, meropenem was broadly the 
most sensitive drug, followed by ertapenem and these are not drugs often 

deployed as first line of treatment of uncomplicated UTI. This is in agreement 

with the study carried out by Iregbu and Nwajiobi-Princewill (2013) who 
reported similar antibiotic resistance patterns. However, this contradicts the 

findings in various studies from different part of the world where resistant rates 

reported were different (Ehinmidu, 2003; Raza et al., 2011). The indiscriminate 
use and misuse of antibiotics and the consumption of substandard antibiotics as 

earlier reported by Okeke and Lamikanra (1995) might have over the years 

contributed to the high rate of antibiotic resistance observed in the present study.  
 

CONCLUSION 

 
The results indicated that Klebsiella spp. and Escherichia coli isolates are the 

most common cause of UTI in our environment. All the isolates showed high 

resistance to all the tested antibiotics, except meropenem and ertapenem. This 
therefore suggests the need for continuous antibiotic surveillance and practice of 

antibiotic stewardship will assist in the preclusion of further occurrences of 

resistance in clinical isolates and hence, expediting treatment. Also, efforts should 
be made towards the meticulous utilization of cephalosporins and carbapenems 

through the sensitization of the public by the Governmental Agency so as to 

maintain the efficacity of these antimicrobial agents.  
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